ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
governmeént procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formilated; furnished, or in any way
supplied the sald drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permigsion to manufacture, use or sell any
patented invention that may in any way be related
thereto.



3R~ 5 o
STOAT

=397 344

=Y
E50QONG RANGE SEISMIC MEASUREMENTS
>

=3 PROJECT 8.4

P ameny

Lt
D
!
S
9 JANUARY 1962

PREPARED FOR

ARPA PROJECT: VELA-UNIFORM
3! DECEMBER 1962

BY THE

AIR FORCE TECHNICAL APPLICATIONS CENTER
HQ=-USAF (AFTAC)
WASHINGTON 28,D.C.



LONG RANGE SEISMIC MEASUREMENTS

Project 8.4

STOAT
9 January 1962

Prepared Fox
ARPA PROJECT: VELA-UNIFORM
31 December 1962

By The
AIR FORCE TECHNICAL APPLICATIONS CENTER
HQ USAF (AFTAC)
Washington 25, D. C.



-

This shot report is issued on behalf of the
US Air Force (AFTAC), Department of Defense, to
provide information which may prove of value in the
The Air Force will not be responsible for
information contained herein which may have been
supplied by other organizations or contractors, and
this document is subject to later revision as may be

necessary.



1. Event Information
2. Station Status Report (Table I)
3. Map of Recording Stations and Signals Received (Figure 1)
4. Introduction
5. Instrumentation and Procedure
6. Data and Results
STOAT
Principal Phases (Table II)
Unified Magnitudes (Figure 2)
Reduced Pn Travel Time Curve (Figure 3)
Maximum Amplitudes of Pn (Figure 4)
Maximum Amplitudes of Pg (Figure 5)
Maximum Amplitudes of Lg (Figure 6)
Selected Seismograms (See envelope at back of report)
COLLAPSE
Principal Phases (Table III)
Maximum Amplitudes of Pg (Figure 7)
Maximum Amplitudes of Lg (Figure 8)
Selected Seismograms (See envelope at back of report)
Appendix 1.
A. Recording Site Information
B. Unified Magnitudes from Pn or P waves
Appendix II. Seismogram Analysis Diagram
Appendix III. TWG-II First Motion Criteria and Diagrams

LP and SP Response Curves



STOAT - NOUGAT SERIES

EVENT DESCRIPTION

DATE: ¢y January 1962
TIME OF ORIGIN: 16:30:00.148
YIELD: 4.5 + .6 kt
MAGNITUDE: m = 4.2
LOCATION:
Site: Area 3 = U3ap
Geographic Coordinates: Lat. 37° 02' 41" N; Long. 116° 02' 06" W
Geological Medium: Alluvium
Shot Depth: 992 feet
Surface Elevation: 4021 feet
Shot Elevation: 3029 feet
COMPUTED EPICENTER (based on station spacing of approximately 1000 km):
Geographic Coordinates: Lat. 36° 57.6' N; Long. 116° 04.2' W
Time of Origin: 16:30:02,73
Depth: Restrained at gero after initial solution above surface.

Stations Used: HL ID, MV CL, BF CL, DR CO, LC NM.



LRSM Status Report
STOAT

-4 (=]
N a
RE I°

5\ E’ g I‘
ZZR

5§ 2385

|
i

J8ESses8IEQar
528 23Z3582RSRa8ZA’RSR 8853

.

Station

Test Site, Nev
Death Valley, Cal
Mina, Nev
Austin, Nev
Kanab, Utah
Bakersfield, Cal
Twenty-Nine Palms,
Cal
Williams, Ariz
Fillmore, Utah
Flagstaff, Ariz
Caiipo, Cal
Winnemucca, Nev
Marysville, Cal
Snowflake, Arig
Vernal, Utah
Springerville, Arig
Venator, Oregon
Durango, Colo
Hailey, ldaho
Mogollon, N.M.
Truth of Consequences,
N.M.
Péndleton, Oregon
Las Cruces, N.M.

o
T I Y R A lq

LR K o

Paterson, Wash
Raton, N.M.
El Paso, Texas
Toppenish Ridge, Wash
Eagle Flat, Texas
Gnome, N.M.
Balmorhea, Texas
Sanderson, Texas
Winner, S.D.
Hobart, Okla
Wichita Mountains
Observatory, Okla
La Pryor, Texas
San Jose, Texas
Sleepy Eye, Minn
Mountain Pine, Ark
Niagara, Wis
McMinnville, Tenn
Delhi, N.Y.
Bangor, Maine
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4. Introduction.

A long range seismic measurements (LRSM) program was established
under VELA-UNIFORM Project 8.4 to record and analyze short-period and
long-period seismic data from a planned series of U.S. underground
huclear tests. These, and other data, will be used by VELA-UNIFORM
participants for studying and developing methods for distinguisuing
between explosive and earthquake sources.

The purpose of this report is to provide an analysis of the LRSM film
seismograms from 40 mobile field teams, from the Wichita Mountains
Seismological Observatory (WMO), Oklahoma, and from several experimental
or temporary stations operated in conmnection with existing AFTAC |
commitments.

5. Instrumentation and Procedure.

Instrumentation at each of the 40 mobile stations consists of three-
component short-period Benioff and three-component Sprengnether long-
period seismographs. Shots are recorded on 35 millimeter film and on
one-inch 14 channel magnetic tape. All of these stations are equipped
to record WWV continuously in order to provide accurate time control.
Calibration is accomplished once es.h day and just prior to each shot
at operating settings. Specific details of the instrumentation and
operating procedures for these stations are given in "Routine Operating

Instructions", which may be obtained from AFTAC or from The Geotechnical

The observatory WMO also has both long and short-period three-component
instrumentation in addition to its other specialized facilities. The
noise survey stations (TR WA) and PS WA) record only vertical components

of both long and short-period.



A status report for STOAT is included as Table I, placed opposite
the operations map, Figure 1. This report gives the names of each of
44 stations, and indicates which were operational and which recorded
usable signals.

Station site information is presented in Appendix I(A). This includes
the station name and code, the geographic coordinates, distances and
azimuths involved; the station elevations, and the type of instruments in

are based on AFTAC extensions of Guténberg's tables.* For this purpose,
points from 10° to 16° were read from a curve in the Gutemberg-Richter
paper and an inverse cube relationship was used to extrapolate from
2° to 10° . A table of the distanre factors (B) is provided in Appendix I(B).
An explanation of the procedures for amplitude measurements used in
this report is illustrated in Appendix II. First motion is read zero to
peak and other amplitudes are half peak-to-trough values, all reduced to
millimicrons. The amplitude divided by the period is reported as A/T.
Appendix III quotes the Technical Working Group I1 (IWG-II) first
motion criteria, and includes diagrams illustrating the elements involved
in determining a compression or rarefaction where satisfactory measure-
ments can be made.
As a measure of the effectiveness of a network of hypothetical comtrol

stations having approximately 1000 km spacing, a comparison is made between

the actual location of the shot and its computed hypocenter as determined

*Gutenberg, B. and Richter, C. F., Magnitude and Energy of of hrtgukes,
Ann. Geofis., 9 (1956), pp. 1-15. o



by a digital computer. Best-fit values of latitude, longitude, depth of
focus, and time of origin are determined statistically by & least squares
technique. This utilizes a Jeffreys-Bullen travel time curve as modified
by Herrin in 1961 on the basis of Pacific surface-focus recordings. Pre=
¢ision of the computation is limited primarily by the accuracy of arrival
times, the validity of the standard travel time curve, and by local
velocity deviations. Since the method is based on P wave arrivals, this
particular program does not make use of later phases such as pP and S in
the determination of depth or location. Results are shown on the évent
information sheet.

6. Data

=3
&
I3
P4
]
L3

umnarizes the measurements made of the principal phases of
the STOAT event. Included are the Pn and P arrival times, the maximum
amplitudes (A/T) of the Pn or P and Pg motion seen on the short-period
vertical instruments and the maximum amplitudes (A/T) of the Lg phase as

measured in the short-period tangential component. Short-period signals
from this event were recorded on film by 22 stations and on tape only at
one station, CP CL. No long-period phases were observed.

Also shown in Table II and in Figure 2 are unified magnitudes (m)
where measurable, First motion criteria (IWG-II) were applicable for
three stations.

The travel time residuals from the Pn and P phase were within the
usual limits (see Figure 3). The amplitudes of Pn and Pg, Pg, and Lg
are shown in Figures 4, 5, and 6. These graphs show lines proportional

to the inverse cube of the distance visually fitted through the observed

points.



Attached to the report are illustrative seismograms showing the signals
recorded at a number of locations. Useful signals from STOAT were recorded
to a distance of 1313 km,

Following STOAT by about 27 minutes, a collapse event was recorded
with measurable signals at 16 stations to a distance of 1005 km. Table III
shows the maximum amplitudes of the Pg and Lg phases. No long-period
signals were observed from the collapse event.

The amplitudes of Pg and Lg for the collapse are shown in Figures 7
and 8. The relative amplitude of the Pg and Lg phases for STOAT and the
collapse are both in the approximate ratio of 9 to 1. This ratio was
used to determine the collapse magnitude of 3.2 as compared to the STOAT
magnitude of 4.2. Represéntative seismograms for the colilapse event are

included with this report.
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Unified Magnitudes from Pm or P'Waves

Unified Magnitude:
where

log)g (A/T) + B
A = zero to peak ground motion in millimicrons

= (mm)(1000)
(

signal period in seconds

distance factor (see Table below)

record amplitude in millimeters zero to peak

= magnification in thousands at signal frequency
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SEISMIC ANALYSIS DIAGRAM
APPENDIX It

d = Maximum

Bottom of fine

Bottom of line

DETAIL SHOWING
Mortmum ALLOWANCE FOR
’ | LINE WIDTH

Maximum

T

Pick time of Pn of beginning of "a" half cycle.

Pick amplitude of Pn os moximum d/z within 2 or 3 cycles of "¢,
Pick amplitudes of Py and Lg at maximum of corresponding motlon.



FIRST MOTION CRITERIA

TECHNICAL WORKING GROUP II_(TWG 11)

Excerpt from Appendices to Hearings before the Special Subcommittee
on Radiation and the Subcommittee on Research and Development of the Joint
Coﬁmittee on Atcﬁic Energy, 86th Coﬁg . Zd Sess., Aprii 19 22 1960 _on

IestcBan, Part 2 of 2 Tarts, pp. 632- 633
"2. Identification of Earthquakes

A located seismic event shall be imeligible for inspection if, and
only if, it fulfills one or more of the following criteria:

a. 1Its depth of focus is established as below 60 kilometers;

~ b. 1Its epicentral location is established to be in the deep open ocean
and the event is unaccompanied by a hydroacoustic signal consistent with the
seismic epicenter and origin time;

e It is established withzn 48 hours to be 4 foreshock by the occur=
w;th that of the givenreveut w;thin the accuracy of the determinstion of
the two epicenters. The eligibility of the second event for inspection must
be determined separately.

d. The directions of clearly recorded first motions define a pattern
which strongly indicates a faulting source. First motions recorded at dis-
tances between 1100 kilometers and 2500 kilometers will not be used. First
motions beyond 3500 kilometers will not be used for events of magnitude
smaller than 5.5. The apparent direction of first motion must also meet both
the following minimum conditions to be considered to be clearly recorded:

(1) The amplitude of the half-cycle of apparent first motion is at
least two (2) times as large as any half-=cycle of apparent noise in the pre-

(2) The largest of the amplitudes of he half-cycle of apparent
first motion and the two immediately following half-cycles:

(20) times larger than any half-cycle of noise in the preceding few minutes;

(a) at epicentral distances less than 700 kilometers is twenty

(b) at epicentral distances more than 700 kilometers is forty

(40) times larger than any half-cycle of noise in the preceding few minutes.

A pattern of clearly recorded first motions strongly indicates a fault-
ing source if the observed motions, extended backward to a small sphere about
the focus, can be separated into alternate quadrants by two orthogonal great
quadrants combined (1) contain at lesst 4 clearly recotded rsrefactiueﬁfirst
motions and (ii) contain not more than 15% compressions among the clearly
recorded first motions."



‘Application of the TWG Il Criteria

Exampleés:

1. Compression

700 €< A< 1100 Ka

2, Compreséion

A< 700 kn

3. Rarefaction

vhat may be interpreted to be
earlier signal; however, motion
is less than 2 times the noise
level and may be interpreted as
noise. « :

A €700 Km. Example shows

Appendix III - page 2



Application of the TWG I1 Criteris

4. Rarafaetion

A € 700 Km
Similar to example 3.

5. Not applicable

A € 700 Km. Amplitude

less than 20 times noise.

Appendix III - page 3
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